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tic expsrimert conducted betwacn wells penctrating
thin coal) strata located near Rifle, Celoradu.
Traveltim  moveout observations show that borehole
Stoneley waves, excited by a trans=itter positioned
at substantial distan: s in o well abnyr an! below
a coa' stratur at 202" m depth, underwent partial
conversior te & channe! wave propagating away fror
the well throuor the coal, In an afja.ent w1l the
charne) waye was detieZted At receiver locatiors
witnir th. ¢oal, ant borehole Stonc)ny wiave s,
arising fror a sezond partial conversion of channe)
waves, were ditoltel at locations ahove and b Yow
the coal, Thi obscrved channel wave is inferred to
be the third-higher hayleigh moie base? on compari-
sor of the measured group velo:ity with throreti-
cally derived dispersion curves. The fdentitication
of the made conversior betwnen borehale an)
stratiarar 1zally quited waves §s siqaifi.ane

bezause 2oy peactrated by multiple wiells may b
deta tel wi hout plasing an azoustic transmitter or
re.eiver within th waveguidre .
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The nee Lo baow 11 8 ¢nal sear g fauited, or
whi ther §n-sea~ dis. ontinuties exist, ha- bLeoen the
imprtus beaind many studies ahout quided waves in
coal, commanly referre! to as channel waves., [Lvisen
(1LY ant hrey (10 ) were the first to pub'ish
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S Yoy wave . the path ol low ' §n thyn manne
hetweer the transnytter an' re.rlyer will |y
refeere! to oA e SUaweley channel Stanedey (0

praparat{ion paty,
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Fau. A, J:*v - an! Jame o N, Iat | (‘] L!.
Altr g . Lo Eiam o Netione!
Lato ratory
SiMvAFY In the following seition:e, w describe the gedlogy
in whict the data were ohtaine?, the method of
Eviden:e for the mage conversior of borehals acquiring the data, and rolevart logging too) para-
Stoncley waves to stratiqranhically guide! channnl meters. The basis for thi identification of the
waves was disiovered in data fror a croesswedl aroys- borehole propaagatior mod §s then given, Next, the

basis of the SCS propagatior path hypnthesis as well
as the sufficiency of the nepothesis 1s reviewed.
Finally, the probable naturc of the channel wave is
discussed in terms oi (alzulated dispersion curves
for Rayleigh wave propagatio: in layered media.

RIFLF, COLORADD, CROSSWILL M:ATUREMENTS

Data wore taken at the Department of Energy Multi-
Well Fxperimont (MWx) Site in the Piceance Basin
near Rifl¢, Coloradr (Nortnrop et al., 1983). [Ex-
tensive crosswell acoustic data were acquired in a
depth jnterval (1830-2070% m} that includes a strati-
] graphy of lenticular deposits of sandstone and shale
intarspersed with thin scams of low-volatile bitum-
inous coa). P- ani S-wave signals were transmitted
between twr wells whick werr separated by 34 m as
dotermined frar borehnle deviation su=veys.

Tha borehole tonls used at the MAY Site were
proially designed ar! fab-icate’ at the Los Alamos
tional Lahoratory for crosswel) research applica-

tions (Dennis et &7., 1995). Thr magnetostrictive
source and picrorlectri: receiver arc cylindrical in
shapr; the rec-iver ‘hac a flat response over the
frequency band o' the acqu red signals (2.2 ¢ 1.0
kH2). The geometry in whi.h cata were acquired is
shown 4n ¥igure 1. In an operation termrd a scan,
the receiver is held stitionary in one well while
the transmitter in ar 2~ a-ent well {s moved from a
positio: abhave & prartior bedowm the reielynr
deptr 4 what dr At e Lrats=fiter run,

BOREWAE GATDET WANVE PR AT TON

Ohservations ! recvae ' yelos ity moveosut suqaest
that the barch-de prapagatins yrgment of the SCS
patt {x a Stonedey wnve . Tagure 7 te A represent-

ative cxample of a s shewmine signyls that include
SO wavetares,  The greiva’ of the quidn? wave s
denote! by . The s -nd Vin mayhed P ogivey th

retimatnd Avring tam - ot b Vogayvre baned pn the

I averan. velo tty 0ty e anterwd) r owhizh th

Podaty wern g iire Note entie 1ally the the time
delay of wave fomr fochan s Tonearly with vanneig
ter depth, "roaaane o0t At ap; oty 06 ma/a,
The obiseryen! moave st of the ¢ar e’ wave car only b
AC . tgnted far g0 the vy i v Atk phetween frans
mitter An’ re ocives dn ot A e oat ol trave )
Along the tran-m s ter w " L fare 1, ret e Lt
refra- e arrina’ wo b annYas nanlineas move s gt
The moveoa! ceorenpe 4 a hoehiole goife ' ways
havint the velo- ity ¥ of 1 4% m/me, the freqaen:y g
approvingtely 202 v oant Tttt o pe disperndne e

ryident,
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[ Depanting on the exzitatior fregira .y, either
Stoneley waver or batr Stom e, anc preadi-Rayieig)
WAVES MAy Prapraate as quidet waver fr flore-file!
borehnles, [heny and Jabsey (1051 pregentn’ 2
calculatior far @ gror-1ry a0 welatity simiiar G
the MaY boreh2)e sityatins w*ict shown?! tha: pesain
Ravleigt waves de not exist brdlow 8 cutaff fregunny
of approvimately G k&2, while Stoneley wavee erict

¢ a1l freguenzices and eanitit littde disprroee
Thus the quide” wavs § car reas atly bo inferrel to
be laun:hed and t: travi ) as a Stoniley wave
whenever its propagation patt inzZluies a segnent of
travel along the well of the transmitting t-ant-
ducer. Furthermore, if thc waveform can be Shown to
have traveled along the well of the receiving trans-
ducer, its prapagation along that path must also be
as 3 Stoneley wave,

BORAHOLE STONeLEY WAVE M2 CONYIRSIONS

It is well known that Ston loy waves are prodund
by body wave conversion at geclogi- discontinuitics,
co'lars and other frregularities within borehiles,
the reverse process of borerole Stoneley wave tr
body wave conversion at such irregularities has a'se
been onserved (¢.g, White, 1965, Hardage, 19-1:
Wong, 1981), MWith the exception of casing co'lars
at known locations, no borehale irregularitice ozcur
{n the depih interval studicd in the Mad welilds,
Geologic discontinuities, principally boundarics
betweer santstanes and thin 10al seams, however,
commy in the Mesa Verds formation, Where these

areo

discontinuities otcur, maic Zonversions jnvnlving
Stoneley waven are possible,  The theoretical hacis
for thy various made conyerciont hotwoer B0 ly waves
and Steneley waves has heen explored by Write

(197 ¢}, Bevignar et ad, (128, and otnery, Nene of
these studies are adeludts £ erpdajn the nhsrrya-
tiony, w report,

Considrr the general case shown in Figuree Ja for
arologic discontinuitinrg A ant F in horskoles
containing a transittsr T ant 3 releiver &, regpe:-
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(AL R R T S L L L | LR

tran .ty o an pla e T L T R SR LY
arriva’l tie et g iy perap s vons alons et pate
Pe 1l tvate s e B 0 CUUEELIA L I SRS KL R

{0 Tton ey wawe Dropaacatae nocame fe bttt owe Yle pr
ory 1n the well oot the traen,a e, ther
T.‘..""l‘.. Pave ! wil) e In thowu
fRctancen, a chevrps pattesr ren gt an! the
minimus trave) tim At th apes the chovepn
Ocours At the dep it whiere T o Tey wWave Conyer
te tabing pla ¢,

LN ARY I

of
inn

1 '.'.‘I'\‘ "_
an'
the
Stoneln, wav
singnate . e
CtoneYny waye

I
upwar
thr g

At Aincognanation e Seeo
waven VW Achyewe !

the =igr for A bivreb Y
tron In sta-ding

com it ol ey

tra e 1 ety tan determirdn: th
At of g thevr o Te Eae s e dte trg o, g
sta b ool sfgeale mayt b entan o ghward laun he!
bovehele S8 o ley wiver 3 Tv afief v w1 )b
the same sigayle whizh snhan e downward lagn. he!

B
Hawhm pe !
prajper oh
moao
[LLINTI ) B R ]

Y he o
Vo

LN

of

e 0f boreng

——— i ——— .

ST ey W
bLareh e Stancley wavern.  Szar data processed tn
mabe compunsiti traZes will bt 2istusce? ir the

friloming section,

CHANND . WAVD ORSTLVATIONG

Pnycizal evidencs supporting the SCS propagation
patr hyp~theeis is giver in Fiaures 4 and 5. Figurc
& showr camiveite stazked traces for twe scans
havinz receiver positions above and below the coal
stratun. The zhevrons' apexes in this fiqure
Indicatr that the waveform G must have propagated
a'ong a TABF path according to Figure 3b where A and
B ar¢ at the same depth, Since the chevron apex
occurs at a depth where geophvsiccl log data indi-
czte a coal layer, and because the travel path must
be a TARR path as shown in Figure 3, the observa-
tions indicate passage of thc wave through the coal
laver,  The dashe! line in Figure 4 conneczts the
toa) layer depth for each scan or, equivalently, the
apewrs of the phase,

Portions of scans for recciver locations ahove,
brlow, ani within the coal arc shown in Figure 5.
Jact signal is preconte: as the square of the
com; Yex trace of the rezeived signal te simplify the
wavetraing and azcentyate the higher amplitude arri-
vals (Faraback, 1975), In these cases, there was no
stazking. Jraces with flat-topifed peaks have been
cYipped fn plotting.

Figure Sa show' the onsrt of the P-wave arrival
P.c in the sandsione, Traces for which the
trarsmitter and recetver are bath located in the
coai (Figure Sh; 2021.8 « 27 < 2022.7 m) arc those
where the transmission path betwern borcholes does
nut include any seament of borehole Stoneley wave
propajation. In Figure &b, the onset of the P-wave
arrival in thr coal P. car clearly be seen, Fol-
Towing the P arrival {s a high amp'{tude phase that
is slower than the shear wave velocity in the sur-
rounding rock, but is too fast to be a shear wave in
thr coal layor. Because the ~oa) acts as a
wave1itde since the surrounding roch is of higher
veln-ity ani be-agse of the arrival time af thr
ab ve wive, we {nter that thic phladie §y a ande o
chan Y owave

The e Wit LYashenesd greste ascur when the
tranee ter f0 Yocated in the coal and propanation
he tweern bargactes fs by a chaine Y wiye within the
coal te receiver lozation efther dive:tly above or
beton the coa' (V{guren b2 an’ he; 200 F ¢ 1p ¢
20l 7T ml, Thege signals repracent waves that haye
trave'os ! 3 shet drstans an Stand 1oy wayer o e
hoavrehr 1o after having traversae? hetwoen

vt dy Y rage? Tvag en o0 405
it prantr ittn ! he tweer hovedy e when andthm
transr it teor o o pece e 40 1ooated vt o)
(Viaures haoant b o 2 20 6 and oy 2000, 7T m)
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Ir Fiqure €, the maayred grour velesity for tne
chann ' way: thra 3= the coal lins near the thar -
higner Rayvloazr mnd, a symm tril mose . Trae oy onct
surprisin: cinse ex. itatior of th: funda~r=23' mng |
0r any Oty artisymetral mode . wilt oA sym trag
source is very inetficient (Peterson, 1675 [xci-
tation of any given modr is alse deprnigent on the
locatior of tho source and recleiver in rilation to a
mode ‘s various nodes and antinodes. It is not
clear, however, why the observed grouj velocitien do
not occur zloser to that of the Airy phase ac ons
might exp~-t. This obscrvation cannat be attributed
to reasonatle measurem-nt errors in the values
listed in Table 2. [ver if layer P-wav: or S-wawv
vrlociticrs are in error by as much as <107, the
disprrsion curves for the variods mhies are not
subntantirally differint from those proscente !

CONTLUSTONS

From data collectsd in & crosswell acourtic
survey, we obhserve a phase that propagates alony the
transmitter borehele as a Stoncley wave, then
throug® made conversion travels betwaen holes arn a
channrl way. in coal, and suhsegquently §s converted
back tc a Stondley wave in the recriver bharehnle,
The obseryation is sigrifizant hesausr coal penrtra-
ted by multiplr wrlls may b detested without
pla.int a» a:~ustic trans=itter or pecedvir ir the
wavenui 1, Syt olservations could b ouscful for
the idqentityi-ation of laver cortinuily b tworr thinree-
halew an: the study of dee; codly.,
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Captions

Figure captions and table captions should be listed below 'n the space provided. Captions must
be short and concise; lengthy discussions should be limited to the body of the abstract.

Figure captions:

Fic 1._ _Schematic of crosswell scan geometry.
Crocswell scan centered at a receiver depth of 2024 m in which every 10th
Fi, 2. trace is plotted.
Waveforn moveout of signals transmitted between wells. T-transmitter,
Fio 3. R-receiver. A and B-locations where Stoneley wave conversions occur.
(omposite traces from above and below the coal. G denotes the quided
Fi, 4.__Wave arrival. - __
Complex trace representation of scans near or within the coal in which
Fio &, _every trace 15 plotted, o .
fisper<ion curve< of Raylergh wave group velocity. Observed value shown
Fic 6.__ Dy cross. Cutoff velocities shown by dashed lines.

Tablce captions:

Table 1. Voloritre. ant Dencities Relevent to Channe )

Tably [ -p— e =+ em e e e e e = e e e e e A e e e e & —

Table 3. . . . . ) .

Table 4

Three coples of each table and figvere are 1equired.



TABLE 1

VELOCITIES AND DENSITIES RELEVANT TO CHANNEL WAYE PROPAGATION

Velocity, m/ms Density
Stratum vp(obs) vp(log) vs(ca1c) v (obs)
g/cc
Upper ss 4,16 4.76 2.44 2.62
Coal 2.22 2.50 1.26 1.52 1.94
Lower ss 3.91 4.33 2.28 2.63
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